Aim: Over-expressed CHMP5 was found to act as oncogene that probably participated in leukemogenesis. In this study, we constructed the CHMP5 single chain variable fragment antibody (CHMP5-scFv) retrovirus and studied the changes of programmed cell death (PCD) of AML leukemic cells after infection by the retrovirus. Methods: The anti-CHMP5 KC14 hybridoma cell line was constructed to generate monoclonal antibody of CHMP5. The protein expression of CHMP5 was studied using immunofluorescence analysis. pMIG-CHMP5 scFv antibody expressible retroviral vector was constructed to prepare CHMP5-scFv retrovirus. AML leukemic U937 cells were infected with the retrovirus, and programmed cell death was studied using confocal microscope, FCM and Western blot. Results: We obtained a monoclonal antibody of CHMP5, and found the expression of CHMP5 was up-regulated in the leukemic cells. After U937 cells were infected with CHMP5-scFv retrovirus, CHMP5 protein was neutralized. Moreover, the infection resulted in a significant increase in apoptosis and necrosis of U937 cells. In U937 cells infected with CHMP5-scFv retrovirus, apoptosis-inducing factor (AIF)-mediated caspase-independent necrotic PCD was activated, but autophagic programmed cell death was not observed. Neither the intrinsic nor extrinsic apoptotic PCD pathway was activated. The granzyme B/perforin-mediated caspase-dependent apoptotic PCD pathway was not activated. Conclusion: CHMP5-scFv retrovirus can neutralize the abnormally high levels of the CHMP5 protein in the cytosol of AML leukemic U937 cells, thereby inducing the programmed cell death of the leukemic cells via AIF-mediated caspase-independent necrosis and apoptosis.
Introduction
In adults, acute myeloid leukemia (AML) is by far the most common type of acute leukemia. It is a cancer of the bone marrow and is characterized by a mutation in a hematopoietic stem or progenitor cell, which develops into the accumulation of highly proliferative dysfunctional and immature myeloid cells. These abnormal cells eventually dominate hematopoietic niches, such as the bone marrow, and result in abnormal peripheral blood counts due to high number of myeloblasts. Over the past several decades, improvements in chemotherapeutic regimens and supportive care have resulted in significant but modest progress in treating AML, but AML remains a fatal disease for most patients [1] . A better molecular definition and the elucidation of the physiopathology of AML combined with the development of new and targeted therapies may result in a better prognosis for patients with AML in the future.
The human charged multivesicular body protein 5 (CHMP5) is a member of the CHMP family of coiled-coil proteins [2] . The multivesicular body (MVB) is a particular type of late endosomes, which are crucial intermediates in the internalization www.nature.com/aps Wang HR et al Acta Pharmacologica Sinica npg of nutrients, ligands and receptors through the endolysosomal system. It plays a crucial role in sorting membrane proteins that are destined for degradation or routing to the lysosome [3, 4] . These proteins, such as activated growth-factor, hormone and cytokine receptors, are internalized into vesicles forming an MVB, the contents of the MVB are then transferred to lysosomes for degradation [2, 5, 6] . CHMP5 is responsible for the final conversion of late endosomal MVB to lysosomes and plays a critical role in the downregulation of signaling pathways through receptor degradation [2, 7] . Functional analyses of CHMP5 are performed using an RNAi and protein overexpression strategy in our lab. We found CHMP5 is an anti-apoptotic gene [8] , which is consistent with previous findings by Shahmoradgoli et al [9] . Moreover, our data confirmed previous findings showing that CHMP5 is significantly increased in de novo or relapsed acute myeloid leukemia, indicating that it may participate in leukemo genesis [8, 9] . Immunofluorescence experiments using a monoclonal antibody produced by our lab suggested that the CHMP5 protein was expressed at low levels in the cytosol of 293T cells and normal blood mononuclear cells from healthy volunteers. Interestingly, the CHMP5 protein was highly expressed in the cytosol of AML leukemic cells (unpublished data). These findings indicate that highly expressed CHMP5 protein may participate in leukemogenesis, and the abnormal expression of the CHMP5 protein may be a target for gene therapy.
Recently, recombinant antibodies targeting tumor-associated antigens (TAAs) or tumor-specific antigens (TSAs), gene therapy and immunomodulators have transformed the traditional chemotherapy based only on anticancer drugs. TAAs or TSAs are proteins or other molecular species that are expressed in a specific tumor type that can be targeted for diagnostic and immunotherapy purposes [10] . Tumor-specific recombinant antibodies have been employed in diagnosis and therapy, such as the anti-CD20 monoclonal antibody (McAb), either as single agents or in combination with chemotherapy. These agents have resulted in large improvements in non-Hodgkin's lymphoma survival rates. The main pitfalls of utilizing antibodies to tumor-specific antigens in cancer diagnosis and therapy are the immune response to non-human antibodies and the large size of antibodies, which hinders their access to the large tumors or into cells [10] . The first single chain variable fragment antibody (scFv) was developed in 1988. An scFv is an antibody composed of heavy-and light-chain variable regions that are joined by an interchain polypeptide linker. The scFv is one of the smallest fragments to be produced that shows equivalent binding affinity to the parent Fab (fragment antigen-binding) fragment [11, 12] . ScFv can be conjugated to different types of molecules, such as radioisotopes and toxins, or expressed as an intracellular antibody (intrabody) in a specific intracellular compartment, where it can interfere with the function of the targeted antigen at the level of a specific domain [13] . Human single chain antibody fragments offer the advantage of being expressed as a single polypeptide, and their small size means that they can serve as a highly safe, selective and effective diagnostic and therapeutical tool [10, [14] [15] [16] [17] [18] [19] [20] . The scFv on target molecules within cells or intrabodies provides a useful tool for research as well as for control of diseases such as human immunodeficiency virus type 1 infection and other diseases [13, 15, 16, 21] . As we mentioned previously, the expression of the antiapoptotic protein CHMP5 was dramatically up-regulated in the cytosol of AML leukemic cells, which was distinct from the expression in normal mononuclear cells. Infecting AML leukemic cells with an anti-CHMP5 scFv retrovirus may induce programmed cell death by neutralizing the excess antiapoptotic CHMP5 protein.
Materials and methods
Cell culture and transfection Human HEK293T (human embryonic kidney) cells and U937 cells were obtained from the Shanghai Institute of Hematology (Shanghai, China). The anti-CHMP5 KC14 hybridoma cell line was constructed by our lab. The cells were cultured in RPMI-1640 supplemented with 10% (v/v) fetal bovine serum (FBS), 100 U/mL penicillin and 100 μg/mL streptomycin at 37 °C and 5% (v/v) CO 2 . The media for culturing the hybridoma cell line KC14 contained 1×HAT (Hypoxathine, Aminopterin and Thymidine).
Generation of the anti-CHMP5 hybridoma cell line and preparation of the anti-CHMP5 monoclonal antibody Antheprot 4.3 was used to select three antigenic epitopes of the CHMP5 protein. These antigenic epitopes were synthesized and used to generate the CHMP5 polyclonal antibody. Western blot analysis revealed that the polyclonal antibody derived from the KC14 antigenic epitope performed best. The amino acid sequence of KC14 was N'-KAK PKA PPP SLT DC-C'. The hybridoma was constructed according to Ball et al [22] . Briefly, we conjugated the KC14 peptide to bovine serum albumin (BSA). BALB/c mice were immunized against the synthetic peptide of the CHMP5 protein. The spleen cells of the mice were fused with Sp2/0 mouse myeloma cells. The titers of the monoclonal antibody (McAb) were tested by ELISA.
Cloning of the VH and VL regions from the KC14 hybridoma Total RNA extracted from the KC14 hybridoma was converted into cDNA using reverse transcriptase. PCR was performed with mouse primers for VL and VH. The primers were designed according to references [23, 24] . The VL sense primer was: 5'-CCT CTA GAG ACA TTG TG-3'; the VL antisense primer was: 5'-GCC CTT GGC TCG AGT TTT-3'; the VH sense primer was: 5'-ATG AGT CCT GAA CTA ACC TTG AAT C-3'; and the VH antisense primer was: 5'-TCA TTC TAG CCC TTT CCC TGT AGC C-3'. PCR products were purified, TOPO-TA was cloned into the T-vector, and the recombinant vector was sequenced to obtain DNA sequence of VL and VH.
pBabe-CHMP5 scFv antibody retroviral expression vector construc tion The pBabe-puro retroviral vector was obtained from the www.chinaphar.com Wang HR et al Acta Pharmacologica Sinica npg Shanghai Institute of Hematology (Shanghai, China). We first inserted the VL sequences into pBabe to generate the pBabe-VL recombinant vector. The VL sense primer included restriction sites for the endonuclease BamH I, and the antisense primer included restriction sites for the endonuclease EcoR I. PCR was performed using cDNA of the KC14 hybridoma cells to obtain VL sequences. The purified PCR products and the pBabe-Puro retroviral vector were digested with restriction enzymes BamH I and EcoR I, respectively. The DNA Ligation Kit Ver 2.0 (Takara, Tokyo, Japan) was used to ligate the VL sequences with pBabe to produce the pBabe-VL recombinant vector. Subsequently, we chemically synthesized a linker oligonucleotide. The sense sequence of linker was 5'-AAT TCG GTG GTG GTG GAT CCG GTG GTG GTG GTT CTG GCG GCG GCG GCT CCG-3' and the antisense sequence of linker was 5'-TCG ACG GAG CCG CCG CCG CCA GAA CCA CCA CCA CCG GAT CCA CCA CCA CCG-3'. The underlined portion shows the EcoR I site. After annealing with its counterpart oligonucleotide, the EcoR I sticky end may form at the 5' terminal end of the linker dsDNA. The Sal I site is shown in italics. After annealing with its counterpart oligonucleotide, the Sal I sticky end may form at the 3' terminal end of the linker dsDNA. After the pBabe-VL recombinant vector was cut with the EcoR I and Sal I restriction enzymes, the linker dsDNA was introduced to form the pBabe-VL-linker recombinant vector. Subsequently, both VH sense and antisense primers were added with restriction sites for the endonuclease Sal I and VH was introduced into pBabe-VL-linker to form the pBabe-CHMP5 scFv antibody retroviral expression vector.
pMIG-CHMP5 scFv antibody retroviral expression vector construction The pMIG-GFP retroviral vector, gag/pol and VSV-G were obtained from the Shanghai Institute of Hematology (Shanghai, China). Because the pBabe-CHMP5 scFv antibody retroviral expression vector did not contain the GFP (green fluorescence protein) sequence, it was difficult for us to evaluate the infection efficiency after transient transfection. Therefore, we utilized the pMIG-GFP retroviral vector to construct pMIG-CHMP5 scFv antibody retroviral expression vector. The primer pairs 5'-tac gtt aga tct ATG ACC CAG TCT CCT GCT-3' and 5'-tag att gtt aac GCA TTC TAG CCC TTT CCC-3' were used, and the pBabe-CHMP5 scFv antibody retroviral expression vector served as the DNA template for PCR to obtain the CHMP5 scFv sequence. The purified PCR products and the pMIG-GFP retroviral vector were digested with the Bgl I and Hpa I restriction enzymes, respectively. The DNA Ligation Kit Ver 2.0 was used to ligate the CHMP5 scFv sequence with pMIG to generate the pMIG-CHMP5 scFv antibody retroviral expression vector.
pMIG-CHMP5 scFv retrovirus preparation and infection
To prepare the virus, 293T cells were cotransfected with the empty pMIG vector or the pMIG-CHMP5 scFv antibody retroviral expression plasmid and gag/pol and VSV-G using the FuGENE 6 transfection reagent (Roche, USA) [25, 26] . One day after transfection, the medium was changed, and collection of the virus-containing medium began on d 2. The medium was filtered through a 0.22-μm filter. U937 cells were then infected with the retroviral supernatants. The clones expressing the desired genes were sorted by a flowcytometer (FCM), and the GFP-positive cells were selected [26] .
Immunofluorescence analysis Our CHMP5 McAb was used to detect the CHMP5 protein in U937 cells by immunofluorescence after infected by the scFv retrovirus. The cells were incubated with primary antibodies and the anti-mouse secondary antibody was CY3-conjugated. The images were captured by confocal laser scanning microscope (Carl Zeiss, ObErkochen, Germany). To avoid experimental error, non-infected U937 cells served as the control and the parameters of the microscope were fixed in each experiment. The typical field of the microscope was selected by the operator of the confocal laser scanning microscope.
Programmed cell death (PCD) analysis
The cells were stained with annexin-allophycocyanin (APC)/7-amino-actinomycin (7-AAD) (BD PharMingen, San Jose, CA, USA) and evaluated using FCM. APC was optimized for FL-4 fluorescence on a flowcytometer, and 7-AAD fluorescence was detected in the far red range of the spectrum (650 nm longpass filter) [8] . The results were represented as the percentage of both annexin V-APC + /7-AAD -and annexin V-APC + /7-AAD + cells. For confocal microscopy, the excitation wavelength of annexin V-APC was 633 nm and the emission wavelength was 700-780 nm [8] . The excitation wavelength of 7-AAD was 543 nm and the emission wavelength was 560-615 nm. A total of 200 cells were counted, and the results were calculated based on the percentages of both annexin V-APC + /7-AAD -and annexin V-APC + /7-AAD + cells. Western blot was performed using PCD-associated antibodies. The Granzyme B, microtubule-associated protein 1 light chain 3 (LC-3) and Caspase 9 antibodies were purchased from Cell Signal Technology (MA, USA); AIF and Caspase 3 antibodies were purchased from Epitmics (CA, USA); antibodies against PARP were purchased from Santa Cruz Biotechnology (CA, USA); anti-Caspase 8 was purchased from BD Pharmingen (CA, USA).
Changes in CHMP5 gene and protein expression after scFv retrovirus infection
The changes in gene and protein expression of CHMP5 in U937 cells after scFv retrovirus infection were studied. Reverse transcription polymerase chain reaction (RT-PCR) was performed, and the CHMP5 primers were: 5'-TGC TCA AGA TGA ACC GAC TCT-3' and 5'-GTG GGA ACA CCT TCT GGA AT-3'. The β-actin primers were: 5'-TCG ACA ACG GCT CCG GCA T-3' and 5'-AAG GTG TGG TGC CAG ATT TTC-3'. The polyclonal antibody against CHMP5 that was used for Western blot analysis was purchased from Abcam (Cambridge, UK). 
Results

Identification of anti-CHMP5 monoclonal antibody
Because a monoclonal antibody of CHMP5 was not commercially available and we needed to obtain the VL and VH sequence of anti-CHMP5 hybridoma cells, we constructed hybridoma cells and produced our own CHMP5 monoclonal antibody. After we obtained the monoclonal antibody of CHMP5, both Western blot analysis and immunofluorescence studies verified that McAb functioned as expected (Figure 1) . The U937 group consisted of U937 cells that were not transfected with plasmids. The sh Con group consisted of U937 cells that were transfected with short-hairpin RNA (shRNA) control plasmids. The sh-CHMP5 group was composed of cells with RNA interference-mediated CHMP5 inhibition [8] . We found that our monoclonal antibody could detect an approximately 28 kDa band in the U937 and sh Con groups by Western blot analysis; however, this band was very weak in the sh-CHMP5 group. The reduction in the density of the band was consistent with the changes in CHMP5 expression, indicating that this McAb could be utilized to detect CHMP5 protein by Western blot ( Figure 1A ). The McAb immunofluorescence (IF) results also confirmed that we had successfully prepared the McAb. Figure 1B-1D show the immunofluorescence results of the U937, sh Con and sh-CHMP5 groups, respectively. The figure shows the merged by red and blue fluorescence images. The red fluorescence (CY3) represents CHMP5 protein, and the blue fluorescence represents the DAPI (diamidino-phenyl-indole) signal, which labeles the nucleus. We found that the red fluorescence signal of the CHMP5 protein was highly expressed throughout cytosol ( Figure 1A and 1B) , but the red fluorescence signal decreased after CHMP5 was inhibited by RNA interference ( Figure  1C) . The change in red fluorescence was consistent with the changes in CHMP5 expression, indicating that this McAb may be utilized for immunofluorescence.
VL and VH cloning
The detailed DNA sequencing results of the cloned VL and VH of the scFv were supplied in the supplemental data.
IgBLAST and Nucleotide blast (http://blast.ncbi.nlm.nih. gov/Blast.cgi) were employed, and we confirmed that the sequences of VL and VH we obtained represented the variable region. VL shares 98% identity (281/288) to the Mus musculus strain C57BL/6J chromosome 6 genomic contig (NT 039353.7). At this site, the Mus musculus light chain gene Igk-V21-12 is represented (GeneID: 667914). The VH was on the Mus musculus strain 129/SvJ chromosome 12 unlocalized genomic contig (NT 114985.2), and this site included the Mus musculus heavy chain gene Igh-VX24 (GeneID: 195176). The VH appeared to be the composite of two fragments, and each fragment showed high similarity (98% and 100%, respectively) to Igh-VX24.
Changes in CHMP5 protein expression after scFv retrovirus infection
The non-infected U937 group showed CHMP5 protein expression (red fluorescence) distributed throughout the cytosol. The GFP protein could not be detected because it was not infected (Figure 2 ). The scFv-Con group (U937 cells were infected by empty pMIG-GFP) displayed GFP expression, indicating that the retrovirus had successfully infected U937 cells, and we could note that the expression of the CHMP5 protein was similar to the level observed in the U937 cells (Figure 2) . The scFv-virus group (U937 cells infected with the pMIG-CHMP5 scFv retrovirus) showed GFP expression, indicating that the virus had successfully infected U937 cells. We found that the red fluorescence decreased dramatically, and the remaining red fluorescence appeared to exist as particulates in cytosol (Figure 2 ).
Changes in programmed cell death after scFv retrovirus infection
By FCM, we found that the apoptosis rate was 1.60%±0.24% in U937 group, and 1.81%±0.11% and 10.19%±0.46% in the scFv-Con and scFv-CHMP5 groups, respectively. There were 
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Acta Pharmacologica Sinica npg no statistically significant differences between the U937 and scFv-Con groups (P=0.1217). There was a statistically significant difference between the scFv-Con and scFv-CHMP5 groups (P=0.0015) ( Figure 3A) . The apoptosis rate increased approximately 5 times following the scFv retrovirus infection. We used confocal microscopy to further demonstrate that the apoptosis rate was 3.27% in the U937 group, 3.54% in the scFvCon group and 12.36% in the scFv-CHMP5 group, in agreement with the FCM results ( Figure 3B-3D) . We also found that the percentage of 7-AAD single-stained cells increased, which was likely necrosis [27, 28] ( Figure 3D ).
After we showed that the scFv retrovirus infection could induce U937 leukemic cells to undergo apoptosis, Western blot analysis was applied to study the changes in the apoptotic pathway. The autophagic and necrotic programmed cell death pathways were also examined. We found that after U937 cells were infected by the scFv retrovirus, the expression of AIF and cleaved Caspase 3 increased (Figure 4) . PARP was the substrate of the activated Caspase 3, and we found that PARP decreased and its cleavage increased after scFv retrovirus infection. Granzyme B (Gran B), proCaspase 8, cleaved Caspase 8 and cleaved Caspase 9 showed no obvious changes. Immunofluorescence after scFv retrovirus infection. The U937 group consisted of cells not infected by the retrovirus, the scFv-Con group consisted of U937 cells infected by control retrovirus, and the scFv-CHMP5 group consisted of U937 cells infected by scFv retrovirus. CHMP5 was represented by the CY3 red fluorescence signal, the green fluorescence signal represented GFP, and DAPI was depicted by the blue fluorescence signal. The merged images represent the fusion of the red, green and blue fluorescence images. The expression of CHMP5 was similar in the U937 group and scFv-Con group; however, the signal of CHMP5 decreased dramatically in the scFv-CHMP5 group. 
CHMP5 gene and protein changes after scFv retrovirus infection
To detect whether scFv retrovirus infection could affect the gene expression in U937 cells, reverse transcript PCR was used. We found the gene expression was not altered after scFv retrovirus infection. The change in CHMP5 protein expression after scFv retrovirus infection was also studied by Western blot using a polyclonal antibody purchased from Abcam. We found that the protein expression was also not changed after scFv retrovirus infection ( Figure 5 ).
CHMP5 protein was highly expressed in the cytosol of AML leukemic cells (unpublished data). Moreover, our studies are consistent with previous studies which show that CHMP5 is an anti-apoptotic gene [8, 9] . Furthermore, in agreement with these previous studies, we found that the CHMP5 gene expression is significantly increased in de novo or relapsed AML, indicating that it may participate in leukemogenesis [8, 9] . As shown in Figure 1 , after CHMP5 is inhibited by RNA interference in the AML leukemic cell line, U937, the expression of the CHMP5 protein is significantly decreased, and the leukemic cells are induced to undergo apoptosis [8] . These findings indicate that highly expressed CHMP5 protein in the cytosol may participate in leukemogenesis, and it may be a target for gene therapy.
The scFv to target molecules within cells provide a useful tool for research as well as for the control of diseases [13, 15, 16, 21] .
To produce a scFv-CHMP5, the hybridoma cells should be created, and subsequently the VL and VH variable region from the RNA of hybridoma cells must be obtained [29] . Immunofluorescence revealed that when the U937 cells were infected by the scFv-CHMP5 retrovirus, the red fluorescence of the CHMP5 protein decreased dramatically. Because the VL and VH variable regions of the CHMP5 scFv are generated from the RNA of hybridoma cells, which are also used to produce the McAb of CHMP5, the antigenic site of CHMP5 is shared and recognized by scFv and McAb. Immunofluoresence with this monoclonal antibody shows a decrease of red fluorescence (CHMP5 protein) after scFv retrovirus infection. This reduction may be explained by two potential scenarios; after the CHMP5 protein is neutralized by the scFv, the amount of CHMP5 protein in cytosol is not altered or CHMP5 is degraded. Both the gene and protein expression level of CHMP5 are studied, and the results indicate its gene expression level and the amount of CHMP5 protein in cytosol are not altered after being neutralized by scFv ( Figure 5 ). Notably, we find little red fluorescence remains in the cytosol after scFv-virus infection, and this red fluorescence appears to be in the particulates in the cytosol. Ward et al has reported that the CHMP5 protein is likely to be found in vesicles, which are thought to be lysosome and MVB [7] . Consistent with this observation, we suggest that the CHMP5 protein, which has been neutralized by scFv, is in cytosol, whereas the remaining CHMP5 protein is localized to the lysosome and MVB.
Recently, apoptosis was classified as type I programmed cell death [30] . Our previous study had found that both the Granzyme B/Perforin-mediated apoptotic and AIF-mediated necrotic programmed cell death pathways are activated during CHMP5 deficiencies, whereas the autophagic programmed cell death is not activated (unpublished data). Therefore, these PCD pathways were studied in U937 cells after scFv retrovirus infection. In general, activation of Caspase 9 results in the initiation of the intrinsic pathway, whereas activation of Caspase 8 results in the initiation of the extrinsic pathway [31] . Activation of either pathway leads to activation of the downstream Caspase 3 and Caspase 7. We find that Caspase 3 is activated after U937 cells are infected by scFv retrovirus, indicating the After U937 cells were infected by scFv retrovirus, we found that the amount of AIF protein and cleaved Caspase 3 increased, and PARP, which was the substrate of activated Caspase 3, was cleaved. However, the levels of Granzyme B (Gran B), proCaspase 8, cleaved Caspase 8 and cleaved Caspase 9 were not changed. Neither the conversion of LC3-I to LC3-II nor an increase of LC3-II was observed. ∆ indicated the cleaved protein. 
Discussion
As we have mentioned previously, immunofluorescence experiments using a monoclonal antibody produced by our lab suggested that the CHMP5 protein was expressed at relatively low levels in the cytosol of 293T cells and normal blood mononuclear cells from healthy volunteers. Conversely, the www.chinaphar.com Wang HR et al Acta Pharmacologica Sinica npg apoptotic PCD pathway is activated. Neither Caspase 8 nor Caspase 9 is activated, indicating that neither intrinsic and extrinsic apoptotic PCD pathways are activated. To our surprise, the granzyme B/perforin-mediated Caspase-dependent apoptotic PCD pathway is also not activated. Although the apoptosis-inducing protein, AIF, increased after scFv retrovirus infection, AIF is thought to activiate Caspase-independent necrotic PCD pathways. That is, it is considered to be unable to active Caspase 3 [32, 33] . It appears that an additional uncommon Caspase-dependent apoptotic PCD pathway is activated, or this may indicate that AIF can active Caspase 3.
AIF-induced apoptosis now is reported to be Caspaseindependent necroptosis [32] , and necrosis is thought to be type III programmed cell death [30] . Increasing evidence shows that necrosis is a highly orchestrated type of PCD [32, 33] . Upon activation of PCD, AIF is released from the mitochondria and translocated into the nucleus to induce phosphatidylserine exposure, chromatin condensation and DNA fragmenta tion [27, 28] . We find that AIF increases after scFV retrovirus infection in U937 cells. Phosphatidylserine exposure can be detected by annexin V, and we find that both phosphatidylserine exposure and chromatin condensation can be found in U937 cells after scFV retrovirus infection ( Figure 3D ), indicating that AIF-mediated caspase-independent necrosis is activated.
Recently, autophagy has also been shown to be a genetically programmed and regulated process by which cells undergo self-elimination. It is classified as type II programmed cell death [30] . In mammals, the conversion of the microtubuleassociated protein 1 light chain 3 (LC3) from LC3-I (free form) to LC3-II (phosphatidylethanolamine-conjugated form) or the increase of LC3-II is a key step in autophagy [34] . We find that neither the conversion of protein LC3-I to LC3-II nor the amount of LC3-II is increased. These findings indicate that autophagic programmed cell death is not observed in U937 cells after scFV virus infection.
In conclusion, we find that the scFv-CHMP5 virus can neutralize the abnormally high levels of the CHMP5 protein in the cytosol of AML leukemic U937 cells, thereby inducing leukemic cells to undergo programmed cell death via AIF-mediated caspase-independent necrosis and apoptosis. Althought this is a pilot report, our findings provide a potential method to treat AML.
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